










































Brian Abarbanel, Blase Horn, Mohammad Kotob, and Assistant Professor Mariana Kersh 
Department of Mechanical Science and Engineering, College of Engineering, University of Illinois at Urbana-Champaign 
A Methodology for Evaluating the Sensitivity of Wrist Ligament  
Strain to Fracture Reduction Tolerances 
Acknowledgments 




Limitations of the model 
●  Cartilage, tendons, connective tissue, bone geometry not 
accounted for 
●  Strain is only measured between two points 
 
Long term goals of the project 
●  Computer model showing the internal reduction process 
●  Physical model to help train providers 
Aim 
 
To develop a methodology for evaluating the 
sensitivity of wrist ligament strain to fracture 
reduction tolerances. 
 
Short term goals of the project 
●  Understand the tolerance of this reduction 
procedure 
●  How does radius position affect ligament strain 






Fracture reduction treatment 


















Figure 1: Distal Radius Fracture [1] 
 
 
●  Healthcare professionals initially realign the 
fracture segments- known as a fracture 
reduction 
●  The success of a closed reduction can vary 
depending on physician experience 
 
Problems 
●  Malunion of bones can lead to decreased joint 
motion, grip strength, increased stiffness and 
pain [2]. 
●  Healthcare professional training of fracture 
reductions is limited without live practice and 






●  High sensitivity for position on radioscaphoid (RS) ligament strain in flexion 
●  High sensitivity for position on radiotriquetral (RT) ligament strain in ulnar deviation 
●  Low sensitivity for position on radioscaphocapitate (RSC) ligament strain in both flexion and deviation  
●  Overall, greater sensitivity in all ligaments during flexion and extension 
 
 
Figure 5: Strain vs. Anterior/ Posterior Position Figure 6: Strain vs. Medial/ Lateral Position 
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•  Align radius and hand using fixtures 
•  Rigidly grasp radius using Instron 
machine 
•  Measure alignment angles using motion 
capture system (Optotrak) 
•  Measure original ligament positions 
•  Translate the radius according to the 
given degree of freedom 
•  Measure new ligament positions 
•  Calculate strain 
Figure 4.  Experimental set-up 
with wrist model 
Figure 2.  Sawbone model of the wrist (A) modified to include 
ligament-like structures (B).  Model was constrained using plaster 
at the phalanges and mid-radius (C) 
 
Figure 3.  Five 
degree of freedom 
fixture designed to 
position the wrist for 
static measurements 












Medial / Lateral 
Translation 







Translation in 0.5mm increments 
up to ± 5mm 
   


















Anterior/Posterior Radial Position (mm) 
























Medial/Lateral Radial Position (mm) 
Ligament Strain During Different Radial Deviation 
Angles 
RT,-25 
RS,-25 
RSC,-25 
RT,-45 
RSC,-45 
RT,30 
RS,30 
RSC,30 
